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Abstract: The health-promoting effects of lentil seeds due to phenolic compounds and other antiox-

idants make lentils a potential source of functional food or feed ingredients. The objective of this 

study was to evaluate the effects of genotype and growing environment on the phytochemical con-

tents and antioxidant activities such as ABTS (2′-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid), 

DPPH (2,2-diphenyl-1-picrylhydrazyl) and FRAP (ferric reducing antioxidant power) assays of sol-

uble extracts from five lentil cultivars grown in ten diverse locations over a 2-year experimental 

period. Total phenolic content (TPC), total flavonoid content (TFC) , total proanthocyanidin content 

(TPAC), total hydrolyzed tannin content (TNC), tocopherols and carotenoids were investigated. The 

major proanthocyanidins and individual polyphenols were quantified by high-performance liquid 

chromatography. Our results indicated that flavanols were the main phenolic compounds in hydro-

philic extracts, followed by phenolic acids. Concerning lipophilic extracts, tocopherols and carote-

noids were the main components, with γ-tocopherol and lutein being the predominant isomers, 

respectively. In general, both genetic and environmental effects had a strong impact on all bioactive 

components tested. Greater variation due to environmental effects was found for phenolic com-

pounds (TPC, TFC and TPAC) and antioxidant activities; however, tocopherols and carotenoids 

revealed a high genotypic dependence. The principal component analysis highlighted the geno-

types with higher content of antioxidants and stability across environments. The red lentil popula-

tion “03-24L” was characterized as a promising genetic material due to its high phenolic contents 

and antioxidant capacity values across environments and is suggested for further investigation. In 

conclusion, multi-environmental trials are essential for a better understanding of the genotypic and 

environmental effect on phytochemical profiles of lentils and provide important information for 

breeding or cultivating lentil varieties of high-bioactive value.  

Keywords: lentil; phytochemical contents; antioxidant capacity; genotypes; locations; phenolic 

compounds; flavonoids; proanthocyanidins; tocopherols; carotenoids 

 

1. Introduction 

Lentil (Lens culinaris L.) is an ancient crop that originated in the Near East [1] but is 

now consumed worldwide. It is one of the most important crops in many countries, as it 

has an excellent nutritional value as human food [2] or animal feed [3]; rich in proteins, 

carbohydrates (dietary fiber), minerals and vitamins. Furthermore, lentil seeds have been 
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gaining increasing attention for health benefits in the human diet or as functional feed 

ingredients, as they contain a wide range of bioactive phytochemicals including phenolics, 

tocopherols and carotenoids, that possess high antioxidant capacities and other bioactivi-

ties [4–6].  

Previous reports have shown that the major sub-classes of phenolic compounds 

found in lentil seeds are phenolic acids, stilbenes, and flavonoids (flavan-3-ols, fla-

vanones, flavones, flavonols, anthocyanidins, isoflavones) and tannins, including con-

densed tannins or proanthocyanidins [6–12]. Phenolics in lentils occur in free form, how-

ever, the insoluble or bound forms are present at considerable levels, accounting for ap-

proximately 30% of the total extractable phenolic contents [11]. These phenolic com-

pounds are found primarily in the seed hull and are responsible for the seed-coat color 

[11,13]. It has been reported that lentils featuring green and gray seed coats contained 

higher amounts of flavan-3-ols, proanthocyanidins, and flavonols and might be more 

promising as health-promoting foods [14]. Epidemiological studies have shown the asso-

ciation between legume consumption and positive effects on chronic diseases such as obe-

sity, cardiovascular diseases, type 2 diabetes, cancers neural disorders such as Alz-

heimer’s and Parkinson’s disease [15]. Specifically, the consumption of lentils was associ-

ated with a lower incidence of breast cancer [16], reduced blood pressure and body weight 

[17]. In addition, lentils also contain some lipophilic nutrients, including essential fatty 

acids, carotenoids and tocopherols that have been found to contribute considerably to the 

antioxidant activity of lentil seeds [4,11,18]. Tocopherols behave as potent antioxidants, 

since they are associated with mortality from cardiovascular disease and play a putative 

role in the prevention of Alzheimer’s disease and cancer [19,20]. Lutein and zeaxanthin 

being dominant carotenoids in lentils, could promote eye and skin health [4,21].  

Lentil is grown in Mediterranean, subtropical, temperate and nontropical dry envi-

ronments globally. As lentils are cultivated in Greece from North to South, significant dif-

ferences regarding daily mean temperature, soil profile and field practices are recorded. 

Cultivar, location, and growing conditions play important role in the production of bio-

active compounds in legumes. Variation in both agronomic and grain quality attributes 

in lentils might be owing either to genetic or environmental factors [22–28]. Data on the 

investigation of the phenolic compounds and antioxidants in lentils have been reported 

[5–9,29], however, most of them have been focused on genetic diversity [5,29]. No infor-

mation has been found about the effect of climatic growing conditions in different loca-

tions on the health-promoting compounds of lentil cultivars. Differences in phytochemical 

characteristics as a function of genotype and growing location may serve as a powerful 

economic strategy to food marketing, helps consumers in selecting non-adulterated and 

high-quality food. In addition, lentil seeds draw significant interest in the animal feed 

sector for the production of natural antioxidants of high quality, as alternatives to syn-

thetics [30].  

Therefore, the objective of the present work was to investigate in detail the phyto-

chemical screening and differentiation of the five lentil genotypes grown in ten diverse 

locations in Greece for two consecutive years. The study is based on the colorimetric meas-

urements of total phenolics, total flavonoids, total tannins, total proanthocyanidins, and 

high-performance liquid chromatography analysis of lentil seeds for the determination of 

polyphenolics, tocopherols and carotenoids contents as well as their antioxidant activity. 

The understanding of the genotypic, environmental and their interaction effects on lentil 

health properties could be exploited by breeding projects aiming to develop lentil varie-

ties rich in bioactive components to meet market needs for high-quality food or feed prod-

ucts. 
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2. Materials and Methods 

2.1. Chemicals 

Folin-ciocalteau reagent, 2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), 2,2′-

azino-bis (3-ethylbenzothiazoline-6-sulfonic acid diammonium salt (ABTS), 2, 2-diphenyl-

1-picrylhydrazyl (DPPH), poly(vinylpolypyrrolidone) (PVPP) and the standards of phe-

nolics were obtained from Sigma–Aldrich (St. Louis, MO, USA); tocopherols isomers were 

purchased from Supelco (Belefonte, Pennsylvania,, USA), whereas carotenoid standards 

were supplied by Extrasynthese (Genay, France). All others chemicals were of analytical 

or HPLC grade.  

2.2. Plant Materials 

Seeds of five lentil genotypes (Lens culinaris L.) produced in ten locations in Greece 

in the 2018/2019 and 2019/2020 growing seasons were analyzed. The genetic material stud-

ied consisted of four commercial cultivars named “Samos”, “Dimitra”, “Elpida” and 

“Thessalia”, and one red lentil population named “03-24L”. The test locations were situ-

ated in two municipalities from the region of Central Macedonia (CM), two from Thrace 

(THR), two from Western Macedonia (WM), two from Thessaly (THE) and two from Cen-

tral Greece (CG). CM-locations were Thessaloniki (THE), and Patriki (PAT), THR-loca-

tions were Komotini (KOM) and Orestiada (ORE), WM-locations were Petrana (PET) and 

Anatoliko (ANA), THE-locations were Larissa (LAR) and Agioi Anargiri (ANI) and CG-

locations were Domokos (DOM) and Ipato (IPA).  

At each location, the genotypes were arranged in randomized complete block design 

with four replications. Sowing was performed in the last week of November except at 

location “Anatoliko” that was performed in the last week of February. The experiments 

were established for both growing seasons on the same position of the field or in a nearby 

position of the same field (Domokos, Anatoliko, Thessaloniki). Descriptions of Greek lo-

cations are given in Table 1. After harvest, the seeds from each genotype per plot at a given 

location were bulked and a total of 100 g lentils seed samples were collected and analyzed 

for phytochemical compounds and antioxidant capacities. Approximately 30–40 g of dry 

lentil seeds (13% moisture) was cleaned and ground into a fine powder using a Retsch ZM 

1000 (Heistenbach, Germany) laboratory mill equipped with a 0.50 mm sieve and were 

stored at 4 °C until analysis.  

Table 1. Pedoclimatic characteristics of the test locations. 

Locations 
Latitiude/ 

Longitude 
Altitude 

MT 1 

(°C) 

AP 2 

(mm) 

Soil 

Type 
pH 

OM 3 

(%) 

Domokos 39°1’13″ N/22°19’74″ E 500 11.4 625.4 C/CL 7.1 1.7 

Ipato 38°22′49″ N/23°22′11″ E 118 14.6 704.1 C/CL 7.8 1.5 

Orestiada 41°30′14″ N/26°32′99″ E 26 12.6 399.9 C/SiCL 7.5 1.7 

Patriki 40°53′90″ N/23°36′57″ E 50 13.7 538.1 C/CL 8.0 1.3 

Anatoliko 39°36′81″ N/22°25′94″ E 624 10.6 480.4 C/CL 7.2 1.3 

Larissa 39°36′81″ N/22°25′94″ E 77 14.3 466.2 C/C 7.4 1.2 

Ag. Anargiri 39°29′89″ N/22°21′20″ E 121 14.1 500.5 C/CL 7.4 1.5 

Komotini 41°5′31″ N/25°20′64″ E 32 13.8 558.4 C/SC 8.1 1.3 

Thessaloniki 40°32′69″ N/22°59′83″ E 5 14.2 462.2 CL/CL 8.1 1.0 

Petrana 40°15′59″ N/21°52′70″ E 476 11.9 476.6 C/CL 7.9 2.2 
1 MT, 2-years mean temperature in the growing season (November to July); 2 AP, 2-years mean 

annual precipitation during the growing season (November to July); 3 OM, organic matter; C, clay; 

CL, clay-loam; SC, sandy clay; SiCL, silty clay loam. 
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2.3. Sample Preparation 

2.3.1. Extraction of Free Phenolics 

Phenolic compounds from the ground material were extracted from the powdered 

samples according to the method described previously [31], with some modifications. 

Briefly, 0.2 g dried powder was extracted in 3 mL of 70% aqueous acetone, vortexed for 

30 s and then sonicated for 15 min at room temperature. After centrifugation at 2200 rpm 

for 10 min, the supernatant was collected and the extraction was repeated twice. The ob-

tained phenolic extracts were divided into two portions. One was used for the colorimetric 

methods and the other was evaporated to dryness under a gentle flow of nitrogen at 40 

°C, re-suspended in 400 μL of methanol/water (50:50, v/v), filtered through a 0.22 μm ny-

lon membrane and aliquots of 20 μL were injected into the HPLC system for phenolic 

compounds identification. 

2.3.2. Extraction of Lipophilic Antioxidants  

The lipophilic fraction of lentil powdered seeds was extracted according to a modi-

fied method described previously [32], as follows: 0.2 g of lentil seed flour was sonicated 

with 4 mL ethanol and the extract was collected after centrifugation at 1500× g for 10 min. 

The residue was re-extracted twice using the same solvent and followed the same proce-

dure. The combined supernatant was then evaporated under a nitrogen stream at 40 °C, 

re-suspended in 200 μL of acetonitrile/methanol (85:15, v/v), filtered through a 0.22 μm 

nylon membrane and aliquots of 20 μL were injected into HPLC system for tocopherols 

and carotenoids analysis. 

2.4. Determination of Total Phenolic Content 

Total phenolic content (TPC) was determined by the Folin–Ciocalteu method [33] as 

described above: 200 μL phenolic extract was reacted with 800 μL of Folin-Ciocalteu rea-

gent, followed by the addition of 2 mL of 7.5% Na2CO3 and 7 mL distilled water. The 

absorption reading was recorded after incubation for 60 min in the dark at 765 nm. TPC 

was expressed as mg of gallic acid equivalents per g of dry weight (mg GAE/g). 

2.5. Determination of Hydrolyzed Tannin Content 

The hydrolyzed tannin content (TNC) was determined as the PVPP-bound phenolics, 

according to Makkar et al. [34]. 400 μL of phenolic extracts were mixed with 400 mg PVPP. 

After 20 min centrifugation at 10,000 rpm at 4 °C, aliquots of the supernatant (0.2 mL) 

were transferred into test tubes to determine the non-phenolics, as above, by the Folin–

Ciocalteu method. Total tannins were calculated by subtracting non-tannin phenolics 

from total phenolics and TNC was expressed as mg of gallic acid equivalents per g of dry 

weight (mg GAE/g). 

2.6. Determination of Total Flavonoid Content 

Total flavonoid content (TFC) was quantified using the colorimetric assay with alu-

minum chloride [35]. Briefly, 300 μL phenolic extract was mixed with 225 μL 5% NaNO2, 

followed by the addition of 225 μL 10% AlCl3·6H2O and 750 μL 2N NaOH. The absorption 

was recorded after incubation for 20 min in the dark at 765 nm. TFC was expressed as mg 

of catechin equivalents per g of dry weight (mg CATE/g). 

2.7. Determination of Total Proanthocyanidin Content 

Total proanthocyanidins content (TPAC) was measured according to the butanol-

acid assay [36], as follows: 500 μL diluted phenolic extract (1:5, v/v) were mixed with 3 

mL of the reagent n-butanol/HCl (95:5, v/v), followed by 100 μL 2% ferric ammonium 

sulfate in 2N HCl. The absorbance of boiled mixtures for 60 min was recorded at 550 nm 

after cooling. The absorbance of the unheated tubes was considered as a control. TPAC 

was expressed as mg of procyanidin B2 equivalents per g dry weight (mg PCBE/g). 
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2.8. Determination of Antioxidant Capacity 

2.8.1. ABTS Radical Scavenging Assay 

Radical scavenging activity of lentils phenolic extracts against ABTS radical cations 

was determined according to Re et al. [37]. Briefly, 100 μL phenolic extract was mixed 

with 3.9 mL of the ABTS+ solution and the absorbance recorded at 734 nm after 4 min 

against a control. The ABTS results were expressed as mg Trolox equivalents (TE) per g 

dry weight (mg TE/g). 

2.8.2. DPPH (2,2-diphenyl-1-picrylhydrazyl) Assay 

The antiradical activity of phenolic extracts was measured according to a previous 

report [38] with slight modifications. Briefly, an aliquot of 2.85 mL of 0.1 mM DPPH in 

methanol was mixed with 100 μL of phenolic extracts and the decrease in absorbance was 

measured at 516 nm after 5 min of reaction. The ABTS values were expressed as mg TE/g. 

2.8.3. Ferric Reducing Antioxidant Power (FRAP) Assay 

FRAP activity of lentils phenolic extracts was evaluated based on the method of Ben-

zie and Strain [39]; 100 μL of phenolic extract was mixed for exactly 4 min with 3 mL of 

FRAP solution at 37 °C. The absorbance at 593 nm of the colored product was measured 

against a control, and the FRAP values were expressed as mg TE/g. 

2.9. Analysis of Phenolics by HPLC 

An Agilent 1200 series HPLC system (Urdorf, Switzerland) equipped with a degas-

ser, a quaternary pump, a diode-array detector (DAD) and a Nucleosil 100 C18 column 

(250 mm × 4.6 mm, i.d. 5 μm) was used to analyze the free phenolics as described previ-

ously [40], with slight modification. Mobile phase consists of three solvents: (A) 1% acetic 

acid in water, (B) acetonitrile and (C) methanol and the following gradient program was 

performed: at 0 min, the A:B:C proportion was 90:0:0; at 10 min, 80:4:16; at 25 min, 75:5:20; 

at 30 min, 65:5:30; at 31 min, 40:0:60; at 37 min, 35:20:45 and at 50 min, 20:80:0. The system 

was allowed to run for another 5 min at 100% B in order to clean the column before re-

equilibrating it at the initial phase. The flow rate was set at 1.3 mL/min and the column 

temperature was controlled at 30 °C. The DAD recorded the spectra at 260 nm (protocate-

chuic acid, vanillic acid), 280 nm (gallic acid, catechin, gallocatechin, catechin gallate, pro-

cyanidin B2), 320 nm (p-coumaric acid) and the chromatograms were analysed using the 

Agilent Chemstation software (version B.04.01, Agilent Technologies).  

Each phenolic compound in the lentil seed extract was identified by comparison of 

their retention times to those of external standards with the exception of procyanidin di-

mer I, due to the lack of available commercial standards. The quantification was based on 

calibration curves generated by the external standard method. Procyanidin dimer I was 

expressed in catechin equivalents.  

2.10. Analysis of Tocopherols and Carotenoids 

An Agilent 1200 series HPLC system (Urdorf, Switzerland) equipped with a degas-

ser, a quaternary pump, a DAD and a fluorescence detector (FLD) equipped with a YMC 

C30 column (250 × 4.6 mm id, 3 μm, MZ Analysentechnik, Mainz, Germany). The mobile 

phase consisted of acetonitrile (A), methanol (B), and dichloromethane (C) with a gradient 

profile as follows: 85–65% A/15–35% B (0–5 min), 65–10% A/35–85% B (5–10 min), 10–30% 

A/85–40%B (10–15 min) as described by Irakli et al. [32]. The flow rate was 1.5 mL/min 

and the injection volume was 20 μL. Tocopherol isomers, named α-tocopherol (α-T), β-

tocopherol (β-T), γ-tocopherol (γ-T) and δ-tocopherol (δ-T) were detected by FLD with 

excitation and emission wavelengths at 290 and 320 nm, respectively, whereas carotenoids 

(lutein, zeaxanthin and β-carotene) were detected by DAD at 450 nm. External calibration 

curves were constructed using standard solutions and the results were expressed as μg 

per g of lentil extracts (μg/g).  
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2.11. Statistical Analysis 

All samples were analyzed in three replicates. The effects of genotype, location, 

environment (combined year and location) and their interaction effect on phytochemical 

components and antioxidant capacity were determined by two-way analysis of variance 

(ANOVA), applying the general linear model procedure. Tukey’s test was used to 

determine differences between means at p ≤ 0.05. Connections between traits were 

analyzed by Pearson correlation coefficient (r). Principal component analysis (PCA) was 

performed to evaluate associations among genotype x environment, year, genotype x year 

and genotype x location as well as among the bioactive traits by considering the average 

value of each factor [41]. All statistical analyses were performed using Minitab Version 17 

software (Minitab Inc., State College, PA, USA). 

3. Results and Discussion 

3.1. Phytochemical Compounds of Lentil Genotypes  

3.1.1. TPC, TFC, TPAC, TNC and Antioxidant Activity 

Phenolic compounds are considered to be an important bioactive compound found 

in plants due to their various potential biological activities, such as antioxidant, anticancer 

and anti-inflammatory actions [42]. Five lentil genotypes grown for two consecutive years 

at ten different locations in Greece were tested for their phytochemical compounds and 

antioxidant activity. Table 2 presents the mean values of TPC, TFC, TNC, TPAC and 

antioxidant activity as measured by ABTS, DPPH and FRAP methods, taking into account 

the genotype and location effects. Significant differences (p ≤ 0.05) in all bioactive 

components were observed between genotypes and locations taking into account the 

average of the two growing seasons. 

TPC and TFC varied significantly among tested lentils, ranging from 5.66 to 6.38 mg 

GAE/g and 4.65 to 5.31 mg CATE/g, respectively, with mean values of 5.90 mg GAE/g and 

4.95 mg CATE/g. Among all the genotypes studied, the red lentil “03-24L” had the highest 

amount of TPC and “Samos” the greatest amount of TFC, whereas the cultivars “Dimitra” 

and “Thessalia” showed the lowest values TPC and TFC, respectively. Other cultivars had 

moderate TPC (5.89–5.90 mg GAE/g) and TFC values (4.77–4.80 mg CATE/g). The TPC of 

the Greek lentils in the present study were similar to those reported by others [5,11], 

whereas the TFC values were approximately five times higher than those reported by 

Zhang et al. [5]. This discrepancy in TFC could be attributed to a different determination 

method. Similar to the TPC and TFC results, genotype “03-24L” had the highest TNC 

(Table 2), whereas cultivar “Thessalia” had the lowest; while the mean value of TNC of 

all lentils samples was 3.04 mg GAE/g. Similar TNC values were reported by Menga et al. 

[43], studying the effect of organic farming on bioactive compounds. 

Proanthocyanidins are oligomers of catechin and epicatechin molecules that are 

primarily present in lentils having colored seed coats [1]. The TPAC of lentil genotypes 

ranged from 7.27 to 8.93 mg PCBE/g, with a mean value of 7.93 mg PCBE/g (Table 2). 

Cultivar “Samos” had the highest TPAC, known as condensed tannins, followed by “03-

24L”, “Dimitra”, “Elpida” and “Thessalia”. A high content of TPAC (10.4–16.1 mg 

CATE/g) was already reported for lentils [11], which is much higher than those reported 

in our study, however, Menga et al. [43], reported much lower TPAC values. This 

discrepancy could be explained by the use of a different standard compound to express 

the results. In the previous study, the results were expressed as CATE, however, in our 

study the calibration curve was based on PCBE measurements.  

Significant antioxidant levels have been found in lentils, indicating its importance in 

a healthy diet to reduce the risk of many chronic diseases, as well as its potential as a 

source of functional food ingredients. Significant differences were found in the 

antioxidant activity (ABTS, DPPH and FRAP methods), per genotype averaged across 

locations, as well as per location regardless of the genotype (Table 2). Similar to the 

phenolic compound contents, ”03-24L” genotype had the highest antioxidant activity as 
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evaluated by all three ABTS, DPPH and FRAP assays, while cultivars “Dimitra” and 

“Thessalia” exhibited the lowest antioxidant activity among all the studied cultivars. 

However, “Samos” had the lowest antioxidant activity as evaluated by the FRAP method 

among all the genotypes. 

TPC was highest in Thessaloniki (6.19 mg GAE/g), followed by Petrana, Anatoliko 

and Komotini, with non-significant (p > 0.05) differences among these locations. Patriki 

had the lowest TPC of 5.62 mg GAE/g, followed by Ipato, Ag. Anargiri, Larissa, Orestiada 

and Domokos, with non-significant differences among them (Table 2). Variations in TFC 

and TPAC were also observed among locations, where Ag. Anargiri and Anatoliko had 

the highest TFC and TPAC, respectively. It is worth mentioning that Larissa presented the 

lowest TPAC among all locations. Concerning TNC, Anatoliko had the highest value, 

while Ag. Anargiri the lowest one. The antioxidant activity (as evaluated by the three 

methods) of lentils grown in Larissa and Petrana were significantly higher than that of 

other locations, whereas lentils grown in Orestiada had the lowest antioxidant activity as 

measured by ABTS and FRAP methods. Several authors have concluded that the 

antioxidant properties of lentils are significantly influenced by the genotype [11,12], 

however, as far as our knowledge is concerned, there are no published studies reporting 

the variations of antioxidant activity in lentils grown in different locations. 

Table 2. Variation in phytochemical components and antioxidant activity of i) five lentil genotypes averaged across 

locations and years, ii) ten locations averaged across genotypes and years. 

 TPC TFC TNC TPAC ABTS DPPH FRAP 

Genotypes 

Samos 5.90 ± 0.50 b 5.31 ± 1.12 a 3.07 ± 0.72 b 8.93 ± 2.30 a 19.25 ± 2.61 b 11.63 ± 1.23 bc 12.10 ± 3.13 c 

Dimitra 5.66 ± 0.35 c 4.77 ± 0.71 b 2.96 ± 0.87 c 7.76 ± 1.10 c 18.47 ± 2.14 d 11.19 ± 1.33 d 12.12 ± 2.43 c 

Elpida 5.89 ± 0.50 b 4.80 ± 0.57 b 3.11 ± 1.02 b 7.75 ± 0.98 c 18.93 ± 1.67 c 11.82 ± 1.40 b 12.35 ± 1.92 b 

Thessalia 5.70 ± 0.62 c 4.65 ± 0.77 c 2.86 ± 1.09 d 7.27 ± 1.69 d 18.44 ± 2.37 d 11.50 ± 1.56 c 12.23 ± 2.22 bc 

03-24L 6.38 ± 0.44 a 5.24 ± 0.65 a 3.20 ± 1.04 a 7.94 ± 1.42 b 20.02 ± 1.84 a 13.05 ± 1.60 a 13.84 ± 2.54 a 

Mean 5.90 ± 0.50 4.95 ± 0.83 3.04 ± 0.96 7.93 ± 1.66 19.03 ± 2.22 11.82 ± 1.55 12.53 ± 2.55 

Locations 

Domokos 5.89 ± 0.506 bcd 5.09 ± 0.74 a 3.00 ± 0.98 bcd 8.28 ± 0.94 ab 18.50 ± 2.54 bc 11.89 ± 1.87 bc 12.71 ± 2.68 a-d 

Larissa 5.87 ± 0.42 bcd 4.76 ± 0.90 cd 3.13 ± 0.74 bc 6.83 ± 1.30 d 20.18 ± 3.20 a 12.30 ± 1.52 ab 13.12 ± 2.79 abc 

Thes-niki 6.19 ± 0.67 a 5.31 ± 0.92 ab 3.06 ± 1.00 bcd 7.95 ± 1.43 abc 18.61 ± 1.90 bc 11.99 ± 1.04 bc 12.91 ± 3.23 abc 

Orestiada 5.87 ± 0.52 cd 4.34 ± 0.34 d 3.44 ± 0.32 ab 7.55 ± 0.87 bcd 17.50 ± 1.41 c 11.50 ± 1.08 c 10.93 ± 1.92 d 

Petrana 6.12 ± 0.40ab 5.28 ± 1.13 ab 2.99 ± 0.92 bcd 8.46 ± 1.98 a 20.65 ± 1.98 a 13.05 ± 0.84 a 14.04 ± 2.10 a 

Ipato 5.67 ± 0.85 cd 4.66 ± 0.42 cd 2.92 ± 0.99 bcd 7.19 ± 0.72 cd 19.75 ± 2.06 ab 11.68 ± 2.33 bc 12.72 ± 2.17 a-d 

Patriki 5.62 ± 0.37 d 4.75 ± 0.45 cd 2.67 ± 1.22 cd 8.31 ± 1.50 ab 18.44 ± 1.53 bc 11.36 ± 1.45 cd 12.02 ± 2.06 bcd 

Komotini 5.91 ± 0.40 abc 4.87 ± 0.59 bc 2.84 ± 0.99 bcd 8.24 ± 1.30 ab 18.56 ± 1.51 bc 11.12 ± 1.29 cd 12.15 ± 2.45 bcd 

Ag. Anargiri 5.80 ± 0.48 cd 5.42 ± 1.14 a 2.42 ± 0.89 d 7.84 ± 3.18 abc 19.62 ± 2.23 ab 11.97 ± 0.20 bc 13.28 ± 2.75 ab 

Anatoliko 6.10 ± 0.44 ab 5.04 ± 0.64 abc 3.98 ± 0.27 a 8.65 ± 1.08 a 18.39 ± 1.28 bc 12.41 ± 0.24 ab 11.36 ± 1.44 cd 

Mean 5.90 ± 0.55 4.95 ± 0.82 3.04 ± 0.96 7.93 ± 1.65 19.02 ± 2.22 11.83 ± 1.56 12.53 ± 2.55 

TPC, total phenolic content (mg GAE/g); TFC, total flavonoid content (mg CATE/g); TNC, total tannins content (mg 

GAE/g); TPAC, total proanthocyanidins content (mg PCBE/g); ABTS, 2,2′-azino-bis-(3-ethylbenzothiazoline-6-sulfonic 

acid) (mg TE/g); DPPH, 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability (mg TE/g); FRAP, ferric reducing 

antioxidant activity (mg TE/g); Values in each column with different letters are significantly different p ≤ 0.05. 

3.1.2. Quantification of Phenolic Compounds 

HPLC-DAD is generally used for the separation and quantification of phenolic 

compounds present in legumes. Phenolic compounds in lentils are divided into 

subgroups of phenolic acids and flavonoids, including flavanols and proanthocyanidins 

[42]. The concentrations of individual phenolics (phenolic acids and flavanols) in the free 

phenolic fraction of the lentil are illustrated in Figure 1, for the five genotypes and ten 

locations tested. Flavanols, including their monomers and oligomers, were the dominant 

free phenolics in lentils, followed by phenolic acids at much lower concentrations. The 

mean values of flavanols and phenolic acids across all lentil genotypes and locations were 
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83.45 and 7.64 mg/100 g, respectively. The predominant flavanol in lentil extracts was 

procyanidin dimer I (PCD), followed by gallocatechin (GCAT), catechin (CAT), 

procyanidin B2 (PCB) and catechin gallate (CATG), whereas the main phenolic acids 

quantified were 4-hydroxy-benzoic acid (4HBA), followed by gallic acid (GA), 

protocatechuic acid (PRCA), p-coumaric acid (pCA) and vanillic acid (VA). Findings in 

the present study are similar to other reports for phenolic compounds found in lentils 

using LC-MS [11,12]. The content of PCD represented the highest percentage (53%) of 

identified phenolics (43.83 mg/100 g), while the contents of CAT and CATG represented 

40% of identified phenolics (33.00 mg/100 g) and in all lentil genotypes. 4HBA was the 

main phenolic acid in lentil genotypes (2.28 mg/100 g), followed by PRCA (1.57 mg/100 g) 

and GA (1.55 mg/100 g). 

Among the studied genotypes, ‘Samos’ had the highest flavanols and phenolic acids 

contents, at 97.86 and 9.47 mg/100 g, respectively, while “Thessalia” had the lowest values 

of flavanols content (41.14 mg/100 g) (Figure 1A and 1B). Regarding locations, lentil 

genotypes grown in Domokos (96.84 mg/100 g), Komotini (94.00 mg/100 g) and Orestiada 

(92.75 mg/100 g) indicated the highest value of flavanols than the other locations (58.49–

87.95 mg/100 g), while Larissa gave the lowest value of flavanols (Figure 1C and 1D). 

 

Figure 1. Quantification of individual phenolic acids (A,C) and flavanols (B,D) in lentil seeds for genotypes (Samos, 

Dimitra, Elpida, Thessalia and 03-24L) and locations (DOM, Domokos; LAR, Larissa; THE, Thessaloniki; ORE, Orestiada; 

PET, Petrana; IPA, Ipato; SER, Serres; KOM, Komotini; ANI, Agioi Anargiri; ANA, Anatoliko) tested (Phenolic 

compounds: GA, gallic acid; PRCA, protocatechuic acid; VA, vanillic acid; 4HBA, 4-hydroxybenzoic acid; pCA, p-

coumaric acid; CAT, catechin; CATG, catechin gallate; GCAT, gallocatechin; PCD, procyanidin dimer I; PCB2, procyanidin 

B2). Bars followed by the same letter in the same assay are not significantly different (p ≤ 0.05).3.1.3. Tocopherols and 

Carotenoids. 

(A) 

(C) 

(B) 

(D) 
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In the present study, three tocopherol isomers (α, γ- and δ-T) were detected in lentil 

seeds (Figure 2A). γ-T was the predominant tocopherol isomer in all lentil genotypes, 

accounting for on average 93% of the total tocopherol content, followed by α-T and δ-T. 

The total tocopherols (sum of all isomers) contents of lentil genotypes ranged from 38.43 

to 54.83 μg/g, observing significant differences between genotypes and locations. 

“Dimitra” exhibited the highest value of total tocopherol among all the cultivars, whereas 

“Elpida” the lowest one. The tocopherol profile and concentrations were similar to those 

reported for whole lentil seeds [11,18].  

Carotenoids are fat-soluble pigments responsible for yellow, orange, and red colors 

in plants, playing an important role in human nutrition as precursors of vitamin A and 

antioxidants. In the present study, lutein and zeaxanthin were identified as the major 

carotenoids in lentil seeds (Figure 2B). The total carotenoids’ content across the genotypes 

and locations ranged from 4.90 to 18.61 μg/g, with the red genotype “03-24L” showing the 

highest content, while cultivar “Elpida” indicated the lowest one. The carotenoids range 

was similar to that of Zhang et al. [4] and Lee et al. [44], however, they found no 

statistically significant difference between the two color groups (red and green). The levels 

of lutein varied significantly (p ≤ 0.05) among genotypes and locations were 6–13 times 

higher than those of zeaxanthin. No β-carotene was detected in any of the lentil genotypes. 

The highest concentration of total carotenoids was found in lentils grown in location 

Thessaloniki (12.66 μg/g) and the lowest in location Orestiada (6.70 μg/g). 

 

Figure 2. Quantification of tocopherols and carotenoids in lentil seeds for (A) genotypes (Samos, 

Dimitra, Elpida, Thessalia and 03-24L) and (B) locations (DOM, Domokos; LAR, Larissa; THE, 

Thessaloniki; ORE, Orestiada; PET, Petrana; IPA, Ipato; SER, Serres; KOM, Komotini; ANI, Agioi 

Anargiri; ANA, Anatoliko) tested. (αΤ, α-tocopherol; γΤ, γ-tocopherol; δΤ, δ-tocopherol; LUT, 

lutein; ZEA, zeaxanthin). Bars followed by the same letter in the same assay are not significantly 

different (p ≤ 0.05). 

3.2. Effect of Genotype and Environment on Phytochemical Components 

Table 3 displays the results of two-way ANOVA for five lentil genotypes grown in 

twenty environments (environment was determined as location per year). The statistical 

(A) 

(B) 
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analysis revealed highly significant effects for genotype (G), environment (E) and their 

interactions G×E (p ≤ 0.001) for phytochemical components including TPC, TFC, TNC, 

TPAC, phenolic acids and flavanols, tocopherols and carotenoids as well as their 

antioxidant activity evaluated by ABTS, DPPH and FRAP methods.  

Genotype showed low to moderate contribution to total variations of TPC, TFC, 

TPAC, TNC and flavanols and antioxidant activity (2–24%). However, genotype 

contributed to a large portion of the total variance in phenolic acids (56%), tocopherols 

(60%) and carotenoids (62%). On the other hand, environment contributed to a high 

portion of the total variance in TNC (73%), TFC (49%), flavanols (41%) and antioxidant 

activity as determined by ABTS and FRAP methods (51–58%), whereas in tocopherols 

(10%), and phenolic acids (8%), the contribution was the lowest among the sources of 

variations. However, the contributions of their interaction G×E to total variations were 

high in TPC (53%), TPAC (66%) and antioxidant activity by DPPH method (53%), whereas 

in TFC, TAN, phenolic acids, tocopherols, flavanols and antioxidant activity by ABTS and 

FRAP methods was moderate (24–38%). 

In this study, we found that the genotype contributed to the lowest portions of total 

variations for most of the hydrophilic phenolic components like phenolics, flavonoids, 

tannins and proanthocyanidins, although genotype was significantly different for all the 

traits (Table 3). However, tannins and total flavonoids were mostly subject to 

environmental variation, whereas the high contribution of G×E interaction for the total 

phenolics and proanthocyanidins indicated that the genotypes performed differently 

across environments. Similarly, it has been reported that the environment had high effects 

on phytochemicals related to antioxidants in cereals [45]. 

Table 3. Mean squares (SS) and percentage of the sum of the squares (%) for phytochemical 

components and antioxidant capacity (determined by DPPH, ABTS and FRAP methods) of five 

lentil genotypes evaluated across twenty environments (ten locations for two consecutive years) in 

Greece. 

 Genotype (G) Environment (E) G×E Error 

 SS % SS % SS % SS % 

Degree of Freedom 4  19  76  200  

Bioactive Components 

TPC, mg GAE/g 20.1 22 18.6 20 48.6 53 4.1 5 

TFC, mg CATE/g 21.5 10 101.3 49 41.55 38 5.4 3 

TPAC, mg PCB/g 89.9 11 176.1 21 539.3 66 14.4 2 

TNC, mg GAE/g 4.2 2 201.8 73 66.5 24 3.1 1 

Phenolic acids, mg/100 g 128.2 56 17.1 8 77.7 34 5.1 2 

Flavanols, mg/100 g 10,929.8 24 18,391.9 41 15,013.3 33 661.3 2 

Tocopherols, μg/g 5260.5 60 873.3 10 2306.2 26 385.4 4 

Carotenoids, μg/g 1308.3 61 474.7 23 314.8 15 26.3 1 

 ***  ***  ***    

Antioxidant Capacity 

ABTS 102.1 7 746.7 51 562.8 38 58.0 4 

DPPH 123.6 17 162.0 22 387.4 53 53.8 8 

FRAP 133.1 7 1122.4 58 663.7 34 30.6 1 

 ***  ***  ***    

TPC, total phenolic content; TFC, total flavonoid content; TNC, total tannins content; TPAC, total 

proanthocyanidins content; ABTS, 2,2′-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid); DPPH, 

2,2-diphenyl-1-picrylhydrazyl radical scavenging ability; FRAP, ferric reducing antioxidant activity; 

*** all bioactive components and antioxidant activity values are significant across G, E and their 

interaction (G × E) at p ≤ 0.001. 

It has been reported that environmental factors, such as sunny days, soil type and 

precipitation had an effect on the phenolic contents of plants [46]. Moreover, high 

altitudes and prolonged exposure to sunlight with UV radiation positively affect the 
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synthesis of phenolic compounds [47], and the cultivation site was a major factor affecting 

the composition of phenolic compounds rather than cultivation technique in black 

currants [48]. Hence, it is to be noted that even though a genotype produces a high level 

of phenolic compounds, its final concentration can be environment-dependent. 

Both genetic and environmental factors had a strong and important impact on 

tocopherols and carotenoids in lentil genotypes, however, greater variation due to the 

genotype was found in this study. The importance of genotypic variation over the 

environment and G×E for the tocopherols and carotenoids was also found in previous 

studies on maize [49]. The antioxidant capacity showed different variation patterns of 

genotype, environment, and G×E effects. The environment variance in ABTS and FRAP 

was higher than genotypic variance, however, the G×E interaction variance in DPPH was 

higher than the genotypic variance, similar to the phenolic compounds. Previous studies 

have shown greater variation due to the genotype in DPPH methods than in ABTS [45]. 

3.3. Correlation Coefficients among Phytochemicals Compounds 

Significant positive correlations (p ≤ 0.001) were observed between several of the 

bioactive components (Table 4), which indicated that when selection is applied for one of 

these traits, an indirect improvement could be observed in the other traits. TPC was 

moderately correlated with TFC, DPPH and FRAP (r = 0.41–0.51, p ≤ 0.001), but it had low 

correlations with the ABTS, TNC, tocopherols and carotenoids (r = 0.19–0.29, p ≤ 0.001). In 

the present study, no significant correlation was observed between TPC and TPAC (r = 

0.15, p > 0.05)), in contrast to other studies, where high correlation was recorded between 

TPC and TPAC. This discrepancy may be due to the complexity of the phenolic profile of 

the lentils in contrast to other legumes, as stated by Xu and Chang [29] and Menga et al. 

[43]. 

In addition, TFC was moderately correlated with TPAC (r = 0.45, p ≤ 0.001), but highly 

with the antioxidant activity measured by all methods (r = 0.51–0.67, p ≤ 0.001), showing 

that total flavonoids contribute to a high extent to antioxidant activity of lentils. TPAC 

was moderately correlated with phenolic acids (r = 0.49, p ≤ 0.001), but low correlations 

were observed with TNC, flavanols and tocopherols (r = 0.17–0.27, p ≤ 0.001). Moreover, 

TPAC had weak correlations with antioxidant activity (r = 0.11–0.25). According to Xu and 

Chang [29], the antioxidant activities of 11 cultivars of lentils as estimated by DPPH assay 

did not correlate with TPAC. Similarly, Menga et al. [43] found no correlation between 

antioxidant activity as measured by the ABTS method and TPAC. The relationship 

between DPPH, ABTS and FRAP was positive and significant (r = 0.50–0.60, p ≤ 0.001). 

Phenolic acids were moderately correlated with TPAC and flavanols (r = 0.49–0.59, p ≤ 

0.001), but they had low with TNC and ABTS (r = 0.19, p ≤ 0.05). In contrast, there was no 

correlation between the flavanols and the antioxidant activity values; this finding is 

agreed with previous work [12]. It is well-known that nonflavonoid compounds show less 

antioxidant activity than flavonoids [50]. 

Furthermore, tocopherols were positively and moderately correlated with 

carotenoids (r = 0.35, p ≤ 0.001), but they had weak, but significant, correlation with 

antioxidant capacity as measured by ABTS (r = 0.21, p ≤ 0.05), DPPH (r = 0.19, p ≤ 0.05) and 

FRAP (r = 0.23, p ≤ 0.01). Similarly, carotenoids had low correlations with ABTS (r = 0.23, 

p ≤ 0.01), but moderate with DPPH and FRAP (r = 0.33–0.39, p ≤ 0.001). This suggests that 

carotenoids in lentils contribute to a greater extent in the antioxidant in contrast to 

tocopherols. Similar observations have been found by Zhang et al. [4], who reported 

correlated tocopherol and carotenoid contents in lentils by the DPPH method. 

These findings clearly suggest that total phenol content may be an important 

contributor to the antioxidant activity in lentils, in agreement with the earlier reports [11]. 

Negative and significant correlations (p ≤ 0.01) were observed between TNC-ABTS (r = –

0.25, p ≤ 0.01) and TNC–FRAP (r = –0.33, p ≤ 0.01), but no significant correlations were 

observed between TNC and flavanols, tocopherols and DPPH.  
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Table 4. Correlation coefficients (r) of all phytochemical components studied and antioxidant capacity of lentils genotypes across 

ten locations for two growing years in Greece. 

Para- 

meters 
TPC TFC TPAC TNC Pas Fos Ts Cars ABTS DPPH FRAP 

TPC 1 0.51 *** 0.15 0.29 *** 0.23 ** 0.18 * 0.26 *** 0.26 *** 0.19 * 0.46 *** 0.41 *** 

TFC  1 0.45 *** −0.14 0.35 *** 0.15 0.34 *** 0.22 ** 0.51 *** 0.63 *** 0.67 *** 

TPAC   1 0.17* 0.49 *** 0.27 *** 0.26 *** −0.19 * 0.11 0.25 ** 0.21 ** 

TNC    1 0.19* −0.08 0.09 −0.16 * −0.25 ** 0.05 −0.33 ** 

Pas     1 0.59 *** 0.20 * −0.21 ** 0.19 * 0.28 *** 0.05 

Fos      1 0.16 * −0.15 −0.00 −0.05 0.01 

Ts       1 0.35 *** 0.21 * 0.19 * 0.23 ** 

Cars        1 0.23 ** 0.33 *** 0.39 *** 

ABTS         1 0.51 *** 0.60 *** 

DPPH          1 0.50 *** 

FRAP           1 

TPC, total phenolic content; TFC, total flavonoid content; TPAC, total proanthocyanidins; TNC, total tannins content; Pas, 

phenolic acids; Fos, flavanols; Ts, tocopherols; Cars, carotenoids; ABTS, 2,2′-azino-bis-(3-ethylbenzothiazoline-6-sulfonic 

acid); DPPH, 2,2-diphenyl-1-picrylhydrazyl radical scavenging ability; FRAP, ferric reducing antioxidant activity; *** 

indicates significant at p ≤ 0.001, ** at p ≤ 0.01 and * at p ≤ 0.05. 

3.4. Multivariate Statistical Analyses 

The overall variation and the relationships among different variables were 

investigated by principal component analysis (PCA) to assess and classify the 

phytochemical components and antioxidant capacity data among lentil genotypes. PCA, 

including 11 constituents analyzed in this study (TPC, TFC, TNC, TPAC, tocopherols, 

carotenoids, phenolic acids, flavanols, ABTS, DPPH and FRAP), genotype and 

environmental factors (year and location), produced a loading plot with ten factors that 

accounted for 99.2% of the total variance (Figure 3). The first component (PC1), accounting 

for 35.6% of total variance, had large, approximately equal positive loadings for TPC 

(0.419), TFC (0.418), FRAP (0.413), DPPH (0.411) and ABTS (0.397). The second component 

(PC2, 19.6%) was primarily influenced by positive loadings of carotenoids (0.294), FRAP 

(0.192), and DPPH (0.187) and a negative loading for flavanols (−0.549), phenolic acids 

(−0.500) and TPAC (−0.454). Although smaller variation was assigned to PC3 (10.7%), it 

was influenced by carotenoids (0.427), tocopherols (0.399), TNC (−0.701), and TPC 

(−0.272). 

3.4.1. Variation among Genotypes x Locations 

The score plot of the first two principal components accounting for 55.2% of the total 

variance (Figure 3) showed a high variation within the genotypes and locations and were 

thus not completely distinguishable in phytochemical compounds compositions and 

antioxidant activity between lentil genotypes. The overlapping of clusters is reflecting 

similarities in composition. When analyzing this plot for the discrete variable, “genotype”, 

it was clear that only the genotype “03-24L”, stands out from the rest. Thus, the red 

genotype “03-24L2 grown in most test locations (except Orestiada, Komotini and 

Anatoliko), with high positive loadings on both PC1 and PC2 grouped to the upper right 

quadrant (positive) of the plot, indicating that it had higher content of phytochemical 

compounds, in general, and also had a tendency for a relatively high antioxidant activity. 

The PCA plot grouped most of the lentil samples of Thessalia in the upper left quadrant, 

except those grown in Orestiada, Petrana and Anatoliko. Lentils of “Dimitra” and 

“Elpida” grouped close to the middle of the plot and overlapped with other lentil 

genotypes, while lentils from “Samos” were grouped in the lower part of the plot and thus 

were considered as more sensitive to environmental factors than other genotypes. The 

variation within each location and the difficulties in the distinction of the genotypes, 
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clearly indicated that environmental factors are important in the cultivation of lentils 

when focusing on the content of phytochemical compounds.  

When analyzing the score plot with respect to the discrete variable, “location”, the 

positive side of PC1 (Figure 3), in particular the upper right quadrant, included most of 

the genotypes grown in Petrana. Most genotypes grown in Larissa, Komotini, Patriki, 

Anargiri and Ipato had high phytochemical contents, grouped in the upper left 

quandrant, whereas those grown in Orestiada had low phytochemicals and grouped in 

the lower left quandrant. The aforementioned showed that the variance within genotypes 

was explained foremost by the differences in the geographical location of the experimental 

fields. 

 

Figure 3. Score plot of lentil genotypes grown under ten different locations in 2019 and 2020 for 

phytochemical compounds (total phenolic content, total flavonoids content, total 

proanthocyanidins content, total hydrolyzed tannin content, phenolic acids, flavanols, tocopherols 

and carotenoids) and antioxidant activity as evaluated by ABTS, DPPH and FRAP methods (N = 

150) by location codes (1, Domokos; 2, Larissa; 3, Thessaloniki; 4, Orestiada; 5, Petrana; 6, Ipato; 7, 

Patriki; 8, Komotini; 9, Ag. Anargiri; 10, Anatoliko). 

3.4.2. Variation Caused by Year 

When analysing the score plot based on TPC, TFC, TPAC, TNC and antioxidant 

activity, with respect to the discrete variable, “year”, PC1 vs. PC2 displayed the most 

distinctive aggregation, explaining 70.3% of the total variation in the data set (Figure 4A). 

A clear tendency for clustering of the different years was easily recognized in the plot. It 

was evident that the samples of lentils were separated between the two years, while the 

year 2020 had a higher content of TPC, TFC and antioxidant activity than the year 2019. 

This showed that the factor “year” had a great influence on the polyphenol content and 

antioxidant activity of lentils. These differences may be ascribed to the different 

agroclimatic conditions such as temperature and amount of rainfall before harvest [51]. 

Previous studies have also mentioned a year-to-year variation in the content of phenolic 

compounds in durum wheat [52] and black currants [53]. 

3.4.3. Variation Caused by Location 

When analysing the PCA model of the entire sample set with respect to the discrete 

variable, “location” per year, PC1 vs. PC2 indicated the most distinctive aggregation and 

explains 72.4% of the total variation within the sample set (Figure 4B). It was clear that the 

location where the lentils where grown was not a key factor in the TPC, TFC and 
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antioxidant activity for the genotypes studied since most of the growing locations tended 

not to be grouped, except Orestiada and Anatoliko. Although there were differences in 

phenolic compounds and antioxidant activity between years for each location, it was 

shown that the locations Anatoliko and Petrana separated from the rest regardless of year, 

presenting the highest phenolic compounds and antioxidant activity. On the other hand, 

lentils grown in Orestiada had the lowest phenolic contents in both years among the 

studied locations. The great variations in phenolic compounds across locations might be 

due to pedoclimatic differences, especially between northern and southern Greece, but it 

may also be attributable to different genetic backgrounds of the plant material [53]. 
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Figure 4. Principal component analysis loading plots of the phytochemical variables (total phenolic 

content, total flavonoids content, total proanthocyanidins content, total hydrolyzed tannin content) 

and antioxidant activity as evaluated by ABTS, DPPH and FRAP methods of the lentil seeds grown 

under twenty different environments (N = 150), (A) in respect to year, (B) in respect to growing 

location per year and (C) in respect to genotype per year. 

3.4.4. Variation Caused by Genotype  

When analysing the PCA model of the entire sample set with respect to the discrete 

variable, “genotype” per year, PC1 vs. PC2 showed the most distinctive aggregation and 

explained 87.7% of the total variation within the sample set (Figure 4C). It was clear that 

the genotype “03-24L” separated from the rest by the greatest content of TPC for both 

years. In addition, it was observed that the phenolic profile of genotype “Samos” was 

highly influenced by year, as its data points were spread out over most of the common 

plot area. On the other hand, the genotypes “Dimitra” and “Thessalia” were grouped 

together in the lower part of the common area, spread out downwards by presenting the 

lowest content of phenolic compounds and antioxidant activity within each year. 

Moreover, high variation between years was observed for genotype “Elpida” regarding 

polyphenols, indicating that year was the main contributor with respect to polyphenolic 

content variation. According to our results, the content of polyphenols in lentil was less 

sensitive to genotypic factors than previous studies, however, it is remarkable that the 

PCA model in our study was build on only five lentil genotypes compared to other studies 

that investigated a larger number of varieties such as a similar study conducted in Saudi 

Arabia with 35 genotypes [54]. Nevertheless, the red lentil “03-24L” exhibited an 

interesting bioactive profile and therefore could be exploited as source material in order 

to develop cultivars with a multiple combination of superior quality traits and bioactive 

merit. 

4. Conclusions 

Evaluation of important phytochemical components of five lentil cultivars grown in 

ten locations in Greece for two consecutive growing seasons demonstrated that both the 

genotype and environment, evaluated over locations and years, exhibited significant 

effect in all phytochemical components evaluated. Environment effects were greater for 

TPC, TFC and TPAC concentrations and antioxidant activity than genotypic effects, while 

carotenoids and tocopherols were mainly genotypic-dependent. Moreover, a significant 

yearly variation was observed in the composition of the phenolic compounds analyzed. 

Flavanols were the main phenolic compounds in hydrophilic extracts of the lentil 

genotypes, followed by phenolic acids. Concerning lipophilic extracts, tocopherols and 

carotenoids were the main components, with γ-tocopherol and lutein being the 
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predominant isomers, respectively. The red lentil genotype “03-24L” was highlighted for 

its high phenolic compound contents and antioxidant capacity values. Therefore, it was 

considered as a promising genetic material that may be used in genetic improvement 

programs for the development of lentil varieties with specific traits to be consumed as 

functional food or used as feed ingredients. On the basis of this study, further 

investigation with a higher number of genotypes is suggested to better understand the 

role of the considered factors on the occurrence of bioactive compounds and antioxidant 

properties in lentils. 
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